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Abstract 


In forest and agricultural ecosystems the conspicuous elements, namely the trees, crop plants, and farm animals, 
form complex interactions with many less conspicuous organisms. These less conspicuous but specious organisms such 
as insects, fungi, nematodes, and bacteria can be beneficial, even essential, or they can be utterly devastating causing 
billions of dollars damage. Our present knowledge of the systematics ol these less conspicuous organisms is limited. 
For some groups even the most elemental systematic understanding—an inventory, a checklist, a means of identifica¬ 
tion—is lacking. This paper presents examples in which systematics has contributed to solving a problem in agriculture 
and forestry. Our current agricultural practices reflect the systematic understanding of pest organisms that influence 
crop productivity. The success of efforts to discover and develop biological agents that control agricultural pests and 
pathogens depends on systematics. International exchange of agricultural commmodities can be enhanced or hindered 
by accurate or inaccurate systematic knowledge as exemplified by the recently opened market for California wheat to 
the Peoples Republic of China. Systematics is essential in directing the collection, organization, and use of vascular 
plant germplasm as for breeding improved crops. Forests in eastern North America have been devastated by the 
introduction of exotic pests and pathogens. Systematic knowledge helps to prevent such introductions. In Australia 
native forests threatened with extinction from an introduced weed were saved by the biological control of that weed 
using a fungus. Detailed systematic knowledge of both the host and pathogen allowed the safe and effective introduction 
of this biocontrol agent. In all the examples detailed in this paper, basic systematic knowledge was essential to solving 
important problems in agriculture and forestry. 


Trees, crop plants, and farm animals are the most 
conspicuous elements in forest and agricultural 
ecosystems, yet these organisms have complex in¬ 
teractions with many less conspicuous organisms. 
The myriad of insects, fungi, nematodes, and bac¬ 
teria that are part of these ecosystems can he ben¬ 
eficial, even essential, to the development of the 
crop, or can be utterly devastating causing billions 
of dollars damage. At present our knowledge of the 
systematics of these less conspicuous organisms is 
grossly limited—so limited that we often do not 
have even an elemental systematic understanding 
of their existence—an inventory, a checklist, a 
means of identification. These are the ecosystems 
upon which humanity depends for survival. 

Within forestry and agriculture there is an in¬ 
creased interest in holistic approaches to managing 
the biological resources on which these industries 
depend. Such management strategies must allow 
the exploitation of biological resources to provide 
the immediate needs of food and fiber, but also 
must accommodate management approaches that 
minimize the impact on the environment and en¬ 
sure long-term use of these resources. Such strat¬ 


egies include sustainable agriculture, the biological 
control of pest organisms, integrated pest manage¬ 
ment, and the management of forests for products 
other than lumber. Systematic information is the 
key ingredient in developing these strategies; with 
adequate systematic knowledge these initiatives 
can be successful. 


This paper presents 


pies of problems in ag¬ 


riculture and forestry that have been solved by ap- 
ilying a systematic understanding of the organisms 
nvolved. In some c; 


the result was to solve 
short-term problems with short-term economic gain, 
for example, in increased international trade, while 

cases the result has been incalculable. 


m 


other 


long-term benefit, such as in the biological control 
of an exotic weed that was threatening to destroy 
an entire ecosystem. In all cases basic systematic 
knowledge was essential to solving the problem. 

Agriculture 

AGRICULTURAL PRACTICES REFLECT THE SYSTEM ATIC 
UNDERSTANDING OF PEST ORGANISMS 

Agricultural practices of previous centuries in¬ 


cluded empirically integrated management of crop 



1 We thank the following systematists who contributed ideas and information to this paper: Marc Cubeta, North 
Carolina State University, Plymouth, North Carolina; Harry Fvans, International Institute of Biocontrol, Si I wood, Ln- 
gland; and David Spooner, USDA-Agricultural Research Service, Vegetable Crops Research Unit, Madison, Wisconsin. 

2 USDA—Agricultural Research Service, Systematic Botany and Mycology Laboratory, Systematic Entomology Labo¬ 
ratory, Beltsville, Maryland 20705, U.S.A. 


Ann. Missouri Bot. Card. 83 : 17 - 28 . 1996 . 






18 


Annals of the 

Missouri Botanical Garden 



Kigurt* I. Hinuclrale hyphae of Khizocloniu solum 
A<»-4 under fluorescence (lell) and dark-field microscopy 
(right). Photo by Mare Culreta. 


|rests, often with limited success. During flic lust 
100 years, however, these limitations on agricul¬ 
tural productivity have* been lowered, resulting in 
an increased human population and demand for 
food. I)e*spite* spectacular success, 10— 2() r /r of all 
agricultural crops are still lost to pests and patho¬ 
gens (Anonymous, 1993). As the need to produce 
more* agricultural commodities increases, expecta¬ 
tions have also increased for lower chemical input 
to agricultural systems and products. Knowledge of 
the syste nnaties of the* insects, fungi, nematodes, 
and microorganisms that consume* a significant por¬ 
tion of the agricultural products provides the* ke*v 
te> solving this elilemma. 

For example, until re*e*e*ntly the* fungus commonly 

iele*ntifie*el as Rhizoctonia solani Kiihn. was he*lie*ve*d 
to he* a single, widespread spe*cie*s that occurred! on 
alnmst e*ve*ry vase*ular plant and caused re>e>l rots, 
hare*patch, wilts, eliebaeks, blights, and blotches 

(farret al., 1989; Parmeter, 1970). This fungal spe¬ 
cie's produces almost e*xclusive*lv ve*ge*tative* hyphae* 
(Fig. 1), albeit vegetative hyphae* with distinctive 
morphology (Parme*ter, 1970). In the past 20 years 


differences we*re noticed in the rarely formed sexual 
state*, and relatedness was defined on the* ability of 

w 

strains to undergo anastomoses or hyphal fusion. 
Now the* R. solani complex is separate*d into anas¬ 
tomosis groups, or A(is, based on this ability. Re- 
ce*nt mole*cular analyses of the anastomosis groups 
and increase!I knowledge of sexual state*s has al- 
loweel syste*matists to characterize* biologically 

* CT' J 

meaningful spe*cie*s that e*e)rrelate with such impor¬ 
tant parameters as host susceptibility (Ogoslii, 
1987; Snell e*t al., 1991). Within the* e*ntitv pre*vi- 

ously re*fe*rre*d to as R. solani , a number of species 
are* now re*e*ognize*d. some of which are* pathogems 
spe*e*ihc to partie ular crop plants, others are* mv- 
corrhiza) vv nil ore bids, while still others can be* 
used as bioh)gie*al control agents of plant pathogen¬ 
ic* fungi (Yilgalys & Cubeta, 1994). This crucial 

systematie* information allows plant pathologists to 
recognize* and se*e*k out control strategie*s for the* 
spe*e ie*s that are* pathoge*nic on specific crops, al- 
lows ore hi<l growei's to unele*rstand the* positive* as¬ 
pects of the* presence* of these fungal spe*cics, and 
allows biological control specialists to use* the*se* 
fungi in their arsenal of control agents. The* system- 
atist has made* order out of e*haos. 


S^STKM ATICS PKOVIDKS T1IK MKANS FOR DISOOV KRINCi 
AND PKVKLOPINC; moLOUOAL AGKNTS TO CONTROL 
AORICCLTl R \L FKSTS AND PATHOGENS 


Damage* to agrie ultural crops due* to fungi, both 
in the* fiedd and during harve*st and storage, is e*s- 
timated at more* than S3.5 billion in the* United 
States (Kendrick, 1992), while the* dollar value* from 
inse*e*t damage* is e*e|ual or greater. Insects, nema¬ 
todes, fungi, and microorganisms constantly com¬ 
pete with humans for these commodities. An in- 
creasingly attractive* alternative to chemical control 
of agricultural pe*st organisms is through biological 
control or the* manipulation of a biological antago¬ 
nist, often a natural e*nemy. One suspects that nm- 
siderahle biological control exists in natural sys- 

w 

terns and that the* interaction and balance* be*twe*cn 
organisms is e*xtremely e*e)mplex. 

Fungi are* being e*xple>reel as biological control 
age*nts of inse*e*ts. nematoeles, plant patlmgenic fun- 
and noxious we*e*els. fhe* fungi involve*el are* not 
the* macrofungi with which me>st pe*e>ple* are* familiar, 
that is, mushmemis, polypores, e>r lichens. Rather, 
the* fungi having the* gre*ate*st impact in agrie ulture* 
anel fore*stry are* microse*e)pic* in size, often fast- 
greming, and prexlue ing many tiny repnnluctive 
structures. As a group e>( enganisms the*v are* vastly 
understudied, te> the* e*xte*nt that at least o\Y/( of the* 
new spe*e ie*s with biocemtrol potential have* ve*t te> 
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he discovered and described. Fundamental system- and cost farmers £1.4 billion each year (Anony- 
atic information, such as species descriptions and mous, 1986). A systematist described tlie species 
understanding of relationships with known species, (Phenacoccus manihoti) as new and, based on the 

systematic relationship of this species with others. 


is nee 


ded. 


One example in which systematic knowledge has suggested that natural enemy exploration be un¬ 
contributed to the development of effective biolog- dertaken in Central and South America (IMatile- 

ical control concerns fungi used to control soilborne Ferrero, 1977). Additional specimens of a mealy- 

fungal diseases in temperate agricultural systems. bug erroneously identified as R manihoti were 

Like many Ascomycetes, these fungi are most com- discovered in northern South America, and several 

* » * — " 

monly encountered as asexually reproducing strains of its parasites were imported to Africa. I nfortu- 

for which a sexual state may or may not be known. nately, none of the biological control agents were 

One of the most commonly used biocontrol strains effective, and a mealybug systematist was asked to 

was initiallv identified as Gliocladium virens Gid- study the South American material. The systematist 

J j j 

dens, Foster & A. A. Foster. Although described in determined that the mealybug from northern South 

Gliocladium , this biocontrol fungus is morphologi- America actually was a second species different 

eally and biologically unlike the type and other from P. manihoti described from Africa (Cox & VC i I - 

species in this genus. Using both morphological liams, 1981). Eventually true R manihoti was lo- 

and molecular approaches, two systematise have cated further south in South America, and effective 

shown that Gliocladium virens actually belongs in parasites were discovered and successfully intro- 

tlie relatively unstudied genus Trichoderma (Fig. 2) duced into West Africa (Herren & Neuenschwan- 


(Rehner & Samuels, 1994 


s & Rehner, der, 1991). After this brushfire was put out, tin 


the world for the emergence of the next devastating 


1993). Based on that conclusion, one would predict International Fund for Agricultural Development 

the related sexual state of this fungus would be an offered financial support for a study on the mealy- 

ascomycete in the genus Hypocrea (Fig. 3). Thus, bugs of South America. A book has recently been 

strains of the closest sexually reproducing relative, published (Williams & Grana de Willink. 1992) 

//. gelatinosa (Tode) Fr., were tested for the pro- that serves as a first step toward understanding llie 

duction of the fungal metabolite gliotoxin. Gliotoxin diverse mealybug fauna of the area and prepares 

is correlated with potential for biological control of 
fungal pathogens. Strains derived from the closely mealybug pest, 
related sexual state produced as much gliotoxin as 
the biocontrol fungus. In addition, some of these 
newly discovered biocontrol strains produced their 
sexual state's in culture, allowing conventional £ e - 
netic manipulation. Thus, increased knowledge <>1 
the systematics of the Trichoderma complex led to International exchange of agricultural commodi- 
the prediction and discovery of more effective ties in the United States was valued at $24 billion 


INTERNATIONAL EXCHANGE OF AGRICULTURAL 
COMMODITIES DEPENDS ON ACCURATE SYSTEMATIC 
INFORMATION 


strains of biological control fungi. 


for imports and $42 billion for exports in 1992, 


the international exchange of agricultural and forest 
commodities are directed at the containment of eco¬ 
nomically damaging organisms. Thus, such ex- 


Unlike the above example, agricultural problems accounting fora significant portion of total domestic 
are often solved using the brushfire approach of exports (Anonymous, 1993). Regulations governing 
reacting when an emergency arises, undertaking a 
narrow research program on the pest causing the 
problem, possibly finding a solution, and going on 
to the next agricultural brushfire. Because compre- change requires the accurate and rapid identifiea- 

hensive systematic knowledge is not generated in tion of both domestic and exotic pests and 

pathogens. Systematists provide the expertise and 

lution does not add significantly to the development tools on which these identifications are made, al- 

of a predictive classification system. In fact, in lowing the existence of this multibillion dollar in- 

many situations systematic analysis of a single spe- dustry. 


solving an immediate problem, the short-term so- 


cies, removed from the context of phylogeny and 


The smut fungi, llstilaginales, cause severe dis- 


biogeography, and not carefully integrated into a eases of important grain crops (Fig. 5). Although 
classification system, detracts rather than adds use- relatively well surveyed and described, these obii- 

ful information. An example of a circumstance gate parasites are generally considered to be host 

where comprehensive research followed a brushfire specific and are identified primarily based on teli- 
solution involved a pest in Africa. An unknown ospore characteristics. Their identification is diffi- 

mealybug attacked cassava in West Africa (Fig. 4) cult and requires taxonomic expertise, particularly 
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figure 2. SKM of Trichoderma i ire ns. a fungus with potential for tin* biological control of plant pathogenic fungi. 
Photo hv James Pluskowitz. 


i( the host is unknown or misidentified. Tilletia in- 


wheat (Tritieum uestivum L.) imported into Canada 


then (Mitra) Mundkur. karnal hunt ol wheat, is a from the l titled States was determined to he eon- 

smut fungus that occurs in limited regions of the laminated with Tilletia indiea. Plant quarantine of- 

world (Creen, 1084; Smith et al., 1992; Waller & fieials in both the IJ.S. and Canada became quite 

Mordue, 1983). Cxtreme vigilance is required to excited, and a ban on the import ol wheat from the 

prevent the spread of this pathogen. Recently. U.S. to Canada was suggested. A systematist who 
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Figure 3. Asci with 16 part spores of Hypocrea gela- 
tinosa , the sexual state of Trichoderma v ire ns. 


was asked to study the material correctly identified 
the smut as Tilletia bard ay ana (Bref.) Saee. & Svd. 
This smut fungus occurs on rice and apparently 
contaminated the wheat when it was stored in a 
warehouse that had previously contained rice. This 
identification was eventually confirmed with iso¬ 
zyme analysis, and a potentially costly international 
incident was averted (Mary Palm, pers. comm., 

1993). 

Systematic knowledge 1 of another smut fungus on 
wheat and the clarification of the circumstances un¬ 
der which it was collected have allowed the sale 1 of 
wheat from California to the People's Republic of 
China. Export of wheat from the Pacific Northwest 
e>f the Uniteel States to the People’s Republic* of 
China has been curtaileel since 1972 because of 
the presence of Tilletia controversa Kuhn., elwarf 
bunt, a fungus not known to occur in China. A 
second bunt disease of wheat, common bunt or 
rough-spored bunt, is caused by T tritici (Bjerk.) 
Wolff and occurs throughout the world wherever 
wheat is grown (Anonymous, 1990; Mordue & Wal¬ 
ler, 1981). Differentiating teliospores of T tritici 
from T. controversa is difficult to impossible be¬ 



Figurc 4. Cassava trees in West Africa. The tree on 
the right attacked by the mealybug Phenacoccus manihoti 
has not produced large, edible tubers, while the one on 
the left is free of mealybug attack and shows normal tuber 
production. 


cause of their morphological similarity. Thus, it is 
important to know if dwarf bunt is present, absent, 
or has ever occurred in specific regions in the U.S. 
from which wheat might be shipped to the Peoples 
Republic of China. The wheat-growing regions of 
California are free of dwarf bunt except for one re¬ 
port of T controversa (Duran & Fischer, 1956). This 
report curtailed the export of wheat from California 
to China. The report of dwarf bunt in California was 
based on a specimen collected [on June 30, 1917 
in Jacksonville, ‘"California"] by a U.S. Department 
of Agriculture plant pathologist, H. B. Humphrey. 
The specimen was deposited in the U.S. National 
Fungus Collections and was available for study. De¬ 
spite intense efforts using morphological, biochem¬ 
ical, and molecular means, it was not possible to 
identify this specimen as either T. tritici or T. con¬ 
troversa. Since identification was not possible, a 
new strategy was devised that again depended on 
systematic fac ilities. All specimen label data as¬ 
sociated with the specimens at the U.S. National 
Fungus Collections had previously been entered 
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Figure 5. Corn smul fungus, Vstilago maydis , infect¬ 
ing kernels of field corn in Maryland. 


into a computerized database. Using this systematic 
information resource, it was possible to determine 
the approximate route of Humphrey on his 1917 
trip 



* I). Although this database was never 
intended for tracking a scientific expedition, it pro¬ 
vided the information necessary to prove that the 
dwarf hunt specimen was collected in Jacksonville, 
Oregon, not in California. Phis fact was confirmed 
by the itinerary and telegrams of H. B. Humphrey 
for this trip deposited and maintained at the U.S. 


National Archives. Using these sources of infor¬ 
mation it was proven that this dwarf hunt specimen 
was not collected in California (Rossman, 1994). 


As a consequence*, the People's Republic of China 
lias lifte*d the* quarantine on the* import of wheat 
from California. According to the* California Wheat 
Commission (B. Fernandez, pe*rs. comm.), a first 
shipment of California wheat to the Peoples Re*- 
public of China le*ft Stockton on April 1, 1995. This 
first shipment of 50,000 tons is worth about $4.7 
million. Solving this systematic problem has 
ope*ne*d a multimillion dollar market. 


SYSTEMATIC IS DIRECTS THE COLLECTION, ORGANIZATION. 
AND l SE OE VASCULAR PLANT GERM PLASM 


Humankind has always assumed that the* genetic 
resource's requires! to support agriculture* would 
continue* to e*xist in nature forever. As an indication 
of the* importance* of genetic resource* presentation, 
Cemgress has re*eently mandated that the* United 
States Department of Agriculture formulate* a pro¬ 


gram to devedop, store, and ae*eess genetie 


re¬ 


source's for all kinds of living organisms (National 

Re 'search Council. 1991). The* re*port on specifically 

how this could be* done and how much it would 
cost has bee*n presented to them. This program in- 
cludes not only vascular plants and animals of ob¬ 
vious importance* to agriculture but also fungi, in- 
se*cts, nematodes, and microorganisms. Cemgress 
recognizers the* e*sse*ntial role* that biological diver¬ 
sity plays in human existence*. The problem is how 
to obtain, organize, preserve*, and utilize* the* genetic 
resource's needled te> insure that future agricultural 
ne*e*els w ill Ik- me*t. Fhe* critical basis for developing 
and utilizing geme'tic resoure*e*s is systematic knowl- 

edge (Shands & Kirkbride, 1989). 

Fe>r vascular plant germplasm in the United 
State's, a large system e>f repe>site>rie*s e*xists. The 

U.S. National Plant Cermplasm System contains 5— 
I0 r /c e»f the 250,000 vascular plant spe*e*ie*s in ex- 
istemee* (Natiemal Re*search Council, 1998). Infor¬ 
mation em the* ove*r 400,000 acce'ssions is based em 
the* syste*matie s of the* organisms using the* Germ- 
plasm Re*se>uree*s Information Ne*twe>rk. Fntry te> ac- 
e*e*ssiem infeirmation is tin ough the scientific name 
e>f the* specie's, anel all cemmumications depend on 


Table* I. Kemte take*n hy H. B. Humphrey in 1917 as determined hv rollertiou elata e>n spee*imens deposited in the 
U.S. Natiemal Fungus Collections. 


Specimens colle*cleel hy 11. B. Humphrey in 1917 deposited! in tlie U.S. National Fungus Collectiems 


June 24 1917 Campbell. Santa Clare* County, California 
June 80 1917 Meelfe>rel, Oregem 

June 80 1917 J ae ksonville. California (actuallv Oregon) 
July 4 1917 Pullm an. Washington 
July 9 1917 St. Paul. Minnesota 
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I - if'iire 6. John Wiersema, nomenrlaturalist, reviewing scientific names of vascular plants in the (iermplasm He- 
sources Inlorination Netwo rk. 


accurate nomenclature as determined by a system- acquisition of more than 20 species—relatives of 

atist specializing in the classification of cultivated the cultivated potato—not present in the world's 

plants (Fig. 6). The systematist provides informa¬ 
tion on the relatedness and therefore the usefulness 
of the germplasm to its potential crop. 


gcnebanks. 


The worlds largest collection of potato germ- 
plasm at Sturgeon Bay, Wisconsin, holds about 

of 



Repositories of vascular plant germplasm set 5000 accessions (Bamberg & Spooner, 

their priorities for collecting and utilizing germ- about 1 70 of the 232 wild potato species recognized 

plasm based on systematic knowledge of crop in the latest comprehensive taxonomic treatment of 
plants and their immediate relative's. For example. Solarium sect. Petota (Hawkes, 1990). At present, 

the* numerous wild relatives of the cultivated potato there are disagreements among taxonomists regard- 

provide the genetic basis for disease resistance that ing the species, hypotheses of natural interspecific 
is present in today’s crop. Cultivated potato is con- hybridization, and the relationships among taxa of 
sinned worldwide and represents the fourth most cultivated and wild potato. The treatment previous 

important food resource (Hawkes, 1990). In the na- to Hawkes (1990) recognized only 157 species, and 

tive habitat of wild potatoes ranging from the south- the species boundaries and their interrelationships 


western United States to south-central Chile, these have yet to he reconciled (Spooner & van den Berg, 

relatives are often obscure weeds and are not used 1992). Thus, Spooners ongoing research program 

locally as food: indeed, some are mildly poisonous. using a variety of tools to investigate the identity 

David Spooners research on wild potatoes ( Sola - and relationships among these species is crucial for 

num sect. Petota) illustrates the value of system- tlit* enhancement of commercial potato products 

atics information to plant breeding. Spooners re- (Ciannattasio & Spooner, 1994a, b; Spooner et al., 

search has two components-collecting for more 1993; Spooner & Sytsma, 1992). Because it takes 

complete germplasm representation in genebanks 8—15 years from the initiation of a breeding pro- 

and systematics research to understand the species 


gram to a commercial variety release, e< 


1 


msiderable 


and their relationships with Solarium sect. Petota. time and expense can be saved by making an initial 
His program, collecting in collaboration with re- choice of breeding material based on accurate sys- 


searehers from South America, has resulted in the 


tematic knowledge. 
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Forestry 

Forest land in the United States occupies 737 
million acres, yielding products valued at about Si 


billion in 1902 (Anonymous, 1993). Other forest 
commodities and non-commodity uses such as rec- 


from Germany. When the ships holds were opened, 
moths were seen flying from the cargo areas. Ag¬ 
ricultural quarantine inspectors closed the holds 
and set the ship back out to sea. The insects ap- 


reation and watershed resources have an even 


greater value. Changes in the publics perception 
of the value of forest lands have led to a major shift 
in their management. This new management phi- 


peared to be the gypsy moth but inspectors were 
unsure whether they were the European gypsy 
moth, which is established on the East Coast from 
an earlier introduction, or the Asian gypsy moth. 


which does not occur in the U.S. and is notable for 


losophy has resulted in older tree stands and in 
greater value of non-timber species. Long-term for¬ 
est system management has a different set of prob¬ 
lems than those associated with traditional forest 


its flying females. The 


pies were shipped to 


Delaware, Ohio, where systematic specialists used 
molecular techniques to quickly identify the spec¬ 
imens as the Asian gypsy moth. The ships cargo 


management. While most forest managers 
physical and chemical aspects of their forest as well 
as monitor changes in the 


areas were fumigated, and a trapping program 
around the port was initiated to eradicate the Ash 


rofauna and flora, 
they generally are unable to measure the biological 


diversity of the total forest biota. Knowledge of the 
systematics of non-timber components of forest eco¬ 
systems is essential to their sustainable mainte¬ 


nance. 


SYSTEMATIC KNOWLEDGE HELPS PREVENT THE 
INTRODUCTION OF EXOTIC PESTS AND PATHOGENS THAT 
DESTROY FORESTS 


gypsy moth before it eould become established. 
Previous development of a rapid identification 
method by systematists had given quarantine de¬ 
cision makers the tools to avert the establishment 
of a potentially damaging exotic pest. 

Decisions to allow the importation of agricultural 
and forestry commodities into the United States are 
generally based on whether a potentially damaging 
organism already exists in this country. Unfortu¬ 
nately, this assumes that these organisms are known 


and accurately identified in the U.S. At present 
A major force in the destruction of forests, aside only about 50% of the insects (Kosztarab & Schae- 
from harvesting of trees, has been damage inflicted fer, 1990) and 20-40% of the fungi in the U.S. have 

by introduced forest pests and pathogens. The eco- been described (Klassen, 1986). A database has 

nomic loss to timber 

billi 


is estimated at $2 been developed of reports of fungi on plants and 


ion 


ally (Campbell & Schlarbaum, 1994), plant pro< lue ts in the United States (Farr et al.. 


with a much greater loss in recreational value. The 1989). This database is one of the primary re- 


infamous American chestnut blight introduced on sources on which the Animal and Plant Health In- 
Asian chestnut nursery stock in 1904 has altered spection Service depends when making decisions 

the landscape of the eastern deciduous forest for- about entry of commodities into the United States, 

ever (Anagnostakis, 1987). Yet nursery stock and Previously this information was scattered and dif- 

unrefined logs are imported into the United States ficult or impossible for decision makers to obtain, 

without thorough knowledge and understanding of Now with a single source of systematic information, 

the organisms associated with them (Campbell & more knowledgeable decisions can be made. In 
Schlarbaum, 1994; Rcdlin, 1991). The fungus some cases this information has allowed the im- 


causing dogwood anthracnose, Discula destructiva poilation of plant products that previously were 


Redlin (Fig. 7), was described only recently (Red- prohibited entry bee; 


of the lack of knowledge 


I in, 1991) but its origin is still unknown because about the organisms in the United States. 


of inadequate baseline data on the fungi in the 


Although this database is the most eomprehen- 


United States and the rest of the world. Its simul- sive account of plant-associated fungi in the world, 
taneous appearance on both coasts of North Amer- listing 13,000 species (Farr et al., 1989), it is far 
iea suggests that it was introduced on nursery stock from complete, particularly for fungi on non-crop 
(Campbell & Schlarbaum, 1994). Increased sys- plants. The fungi reported in the literature are usu- 
tematie knowledge of the inconspicuous organisms ally those that are conspicuous or ( 


• • 



that occupy forests worldwide is needed to prevent plants of economic interest. We now know that 


additional destructive introductions. 


thei 


( 


i • 


potentially pathogenic fungi that live in- 


Systematic tools for the rapid identification of po- side apparently healthy plant tissue (Carroll, 1988). 
tentially harmful organisms also will avert future Visual inspection of such plants does not detect 
disasters. In 1993 a ship arrived in Wilmington, these latent pathogenic fungal species. As an ex- 


North Carolina, carrying a cargo of military goods ample of the inadequate knowledge of fungi in tin 
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Figure 7. Conidiomata and eonidia of fungus causing dogwood anthracnose, Discula destructiva, erumpent through 
leaf epidermis. 


U.S.. we compared from various sources the fungi 
known to occur on one host, Chamaecyparis thyoi- 
des (L.) Atlantic white cedar (Table 2). Al¬ 

though not an inconspicuous host, this tree is not 


of profound economic importance. In Farr et al. 
(1989) 40 species are listed on this host. In the 


U.S. National Fungus Collections, SO species are 
represented, of which only 9 are included in Farr 
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Table 2. Fungi reported on Chamaecyparis thyoides . 
Atlantic white cedar. FOPP (Farr et al., 1989), USNFC 
(Li.S. National Fungus Collections), Bills & Polishook 

(1992). 


Fungi known on Chamaecyparis thyoides , 

Atlantic White Cedar 


FOPI 


Bills & 

USNFC Polishook 


FOPP 

USNFC 

Bills & Polishook 


10 


9 

11 


i 


3 

2 

2 



Total number of species 



et al. (1989). Based on these two resources alone, 
81 fungal species are known from this host. In just 

one study Bills & Polishook (1992) isolated 77 fun¬ 
gal species occurring as endophytes in living tissue 
of this host. Of these, ordy three species were listed 


in Karr et al. (1989), while two species were rep¬ 
uted in the U.S. National Fungus Collections. 


rese 


From these three resources 153 fungal species are 
known on Chamaecyparis thyoides , of which only 

40, or about 25%, are reported in Farr et al. (1989). 


These data suggest that by simply gathering infor¬ 
mation from our systematic collections, we can en- 

j 

hanee the knowledge base considerably. Then, in 


this case, by undertaking even cursory sampling 
activities, we can again double the number of fun¬ 
gal species known from that host. This fundamental 
knowledge of the organisms that occur in the Unit¬ 
ed States is neec led to make enlightened decisions 
about the safety of allowing entry of agricultural 
and other plant commodities into this country. 


SYSTEMATIC KNOWLEDGE OF HOST AND PATHOGEN IS 


NEEDED TO CONTROL EXOTIC ORGANISMS 


Introduced organisms that threaten forest eco¬ 
systems as well as grazing lands can be controlled 
using biological agents. To be successful, system¬ 
atic knowledge of both the biocontrol agent and tar¬ 
get organisms is critical. For example, in northern 
Queensland, Australia, a noxious weed known as 
rubbervine, Cryptostegia grandiflora Roxb. ex R. 
Br. (Asclepiadaceae: Periploeoideae), has ruined 
grazing lands and threatened the native forests by 
completely covering the trees. Exotic to Australia, 
where it was intentionally introduced over a century 
ago to cover spoils from gold mines, this perennial, 
woody, climbing shrub still exists in relictual but 
threatened populations in its native habitat of Mad¬ 
agascar (Evans, 1993). To solve the weed problem 


in Australia, the native plant populations in Mad¬ 
agascar were examined lor both fungus and insect 
natural enemies. Although insects were located, 
none were found to be host specific and thus were 
not considered safe for introduction into Australia. 

A rust fungus (Uredinales) with biocontrol poten¬ 
tial was collected by Harry C. Evans of the Inter- 

w w 

national Institute of Biological Control in 1987— 
1988. Unfortunately, this rust was considered to he- 

r 

long in the genus Hemileia Berk. & Broome, in 
which is also placed the notorious coffee rust fun¬ 
gus //. rastatrix Berk. & Broome. The rust pathogen 
of rubbervine had been described in 1914 but lit¬ 
erally ignored for decades because of its seeming 
lack of economic importance. Evans (1993) under¬ 
took a systematic study of this potential biological 
control agent and discovered that the nuclear con¬ 
dition of supposed urediniospores was that of a sex¬ 


ually reproducing fungus, thus what appeared to \n 


urediniospores were actually teliospores or the sex¬ 
ual spores of the rust. Under conditions of low hu¬ 
midity, such as occur in the semiarid pails of Mad¬ 
agascar, these prolific urediniospore-like teliospores 
were produced in abundance. However, with high hu¬ 
midity, such as in a greenhouse in the United king¬ 
dom or as occurs only occasionally in this region of 


Madagascar, true teliospores are produced that even¬ 
tually germinate to form a variable numl>er of basid- 
ios|M>res. This rare phenomenon reveals the evolution¬ 
ary history of this fungus as well as its closer 
relationship with another group of rusts. This rust is 
now placed in Maravalia Arthur in the Chaeoniaceae, 
Uredinales, only distantly related to Hemileia . 

Biological control agents must be host specific. 
In testing for host specificity, close relatives of 
Cryptostegia grandiflora in the Aselepidaceae were 
examined for susceptibility to the rust fungus. 


W hile the target plant proved to be highly suscep¬ 
tible. related species demonstrated a range of re¬ 
sistance that reflected the relationships among the 
host plants. For example, within the subfamily Per¬ 
iploeoideae of the Asclepiadaceae, the closest re¬ 
lated genus, Gymnanthera R. Br., proved to be 
highly resistant with a response that included hy- 
phal collapse after penetration. In another related 


plant species, Finlaysonia obovata Wall., the for¬ 
mation of sori was initiated but pustules did not 
mature (Evans & Fleureau, 1993). On two species 
in the subfamily, Gonocrypta grevei Baill. and Cryp - 
tolepis grayi P. I. Forst., fertile sori did develop in 
greenhouse tests. Further studies on ecotypes of G. 
grevei demonstrated population differences with 
sporulation on certain plants occurring only at sat¬ 
uration inoculum levels. Based on these findings, 
two physiological races of the rust fungus were dis- 








Volume 83, Number 1 
1996 


Rossman & Miller 

Systematics and Agriculture and Forestry 


27 


( 


tinguished, one adapted to Cryptostegia , and the 
other to Gorwcrypta. This was corroborated by tlie 
field observation that rusted Cryplostegia grandiflo¬ 
ra grew intertwined with healthy Gonocrypta grevei 
(Evans & Tomley, 1994). As a result of increased 
systematic knowledge of a rust fungus, Maravalia 
:ryptostegia (Cummins) Ono, and of the host plant 
and its relatives, rubbervine in Australia is no lon¬ 
ger devastating the forest ecosystem. 

This success story is the result of an extremely 
small piece of the entire systematics puzzle; most 
pieces of the puzzle remain separated. If there ex¬ 
isted a thorough systematic understanding of a ma¬ 
jority of the rust fungi, the potential for controlling 
exotic weeds such as rubbervine would be in¬ 
creased. In some parts of the world exotic weeds 
threaten the extinction of more biological diversity 
than the threat of habitat destruction from human 
activity (U.S. Congress, 1993). Lack of systematic 

knowledge is hindering use of biological control 
agents to stop the destruction of endangered native 
habitats due to exotic weeds. Given the ability of 

w 

one rust species to control a noxious weed that 
threatened a native forest in Australia, imagine the 
untapped potential for the use of fungi as biological 
control agents. Systematics is the key to achieving 
that potential. 
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edge of the inconspicuous organisms that influence 
forest and agricultural ecosystems. Systematics pro¬ 
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